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L lntrod uction. 
In two previous pa戸rs，tl)，(2) the writer published the results of studies on 
two kinds of the lime-sulphur mixture and r句ortedthat the first kind of Iime-
sulphur was slightly more effective in kil1ing the scaleinsect than the s民 ond
kind and also that both kinds showed practical1y no di能rencein regard to 
the reducing power. 
These results are at variance with the prevailing beHef that the second 
kind of lime-sulphur is more effective than the first. Therefore， the writer 
d回 iredto carry on further experiments and to compare mo問 accurateIythe 
two kinds of Iime-sulphur in regard to the toxicity than he did in his previous 
expe自国nts. There was another reason w hich made the writer undertake the 
pre詑 ntstudy. Several theories have been advanced to explain how lime-
sulphur acts towards the scaleinsect. Yet， itseems to the writer that the 
tThis pa戸ris a slightly rnodified translation of the origioal， published io N匂 akukaiho
(JOIlma1 of the Scieotific Agricultural Society)， No・293，1927 j 岨 din part a“coo tribu tioo frorn t he 
Z∞logi岨1La恥 ratoryof the Uoivenity of Il1inois." 
380 C. HARUKAWA: 
results of thεexperiments which support these theories have been rather 
meager， so that further experimentation which will contribute to the knowledge 
of this problem is desirable. 
IL Material and Method. 
i.) Test Aninuzls. 
The goldfish， Carassius carassi・ω L.， and the nymph of a dragon-fly， 
Anax partltenotり'ulusBrauer， were used as test animals. In spite of the well-
known fact that lime-sulphur is a spray-fluid which is employed for land 
animals such as the scaleinsect or the red-spider， the writer adopted the 
goldfish and the dragon-fly nymph as test animals for various reasons. In the 
first place， we can maintain the experimental conditions quite uniform through-
out the experiments by simply regulating the temperature of water in which 
the experiment is conducted. Therefore， we can reproduce .again the same 
experimental condition any time we desire. The second reason was that the 
writer desired to study the e能ctof the reducing and the corrosive action of 
lime-sulphur on the aquatic animal， thereby to contribute， ifpossible， tothe 
explanation of the toxic action of the lime-sulphur mixture. As the writer has 
pointed out in a previωs paper， the oxygen dissolving power and the corrosive 
action towards the organic substance have been considered two of the impor-
tant properties that make the lime-sulphur e能ctive. If so， we shall be able to 
study the efとctof these properties by employing the aquatic animal. It is 
hardly necessary to state that the toxic e佐ctof lime"sulphur on the aquatic 
animal would not be due solely to the two properties mentioned above. 
τoe third reason that the writer employed the aquatic animal for the 
experiment is that a physiological method is often employed in the pharma-
cological study when the chemical constitution of a substance can not be 
determined.(3) As is well-known， lime-sulphur contains several chemical com-
pounds of lime and sulphur， and the toxic action has been ascribed to a certain 
compound or compounds by certain authors. However， itseems to the writer 
that there stil remain some questions as to the true active constituent of the 
lime-sulphur. There伽e，it is considered advisable to study the toxicity of 
lime-sulphur by the physiological method experimenting on the aquatic animals. 
In the experiments conducted in 1921ー 1922the writer employed the 
goldfishぉ testanimals， while in 1925ー 1926the nymph of Anax partkenope 
was used， since the writer desired to use a test animal which is as close a 
relative of the land insect as possible， and to compare the results obtained with 
those of the former spraying experiments. 
The nymph of a dragon-fly performs so-called rectal respt'ratio1l so that 
this insect is considered very suitable for studying the effect of the oxygen 
dissolving power of lime-sulphur. 
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iミ Samplesof Lt;悦-e-Si叫rjJkurMix.加~res.
Two kinds of lime-sulphur mixtures were employed. 
百lefirst kind， li・me-・suJpkurI， was prepared using equal amounts of 
quicklime and sulphur， whiIe in the second kind， limt・JuJpkur11， the ratio 
of quicklime to sulphur was 1 : 2.* 
The method of preparation was just the担 meas described in a previous 
paper.(~) 
The two kinds of lime-sulphur described above contain practically the 
equal amounts of sulphur in the unit volume of the solution. Therefore， if
there is any difference in toxicity between the first kind and the second when 
these two kinds are used at the same strength， the di仔erencemust be due to 
the di能rentchemical constitution of the compounds which are found in these 
two kinds of Iime-sulphur. 
The stock solution of lime-suJphur was diluted with distilIed water to a 
required concentration before each experiment. The concentration was ex-
pr白 sedwith the volume per cent. of the stock solution contained in the 
diluted sample. 
主&ミ Metlzodsof Testing tlu Effect of Lime-suJphur. 
Two methods of determining the e偽ctof lime-sulphur on test animals 
were ad9pted.τne白rstmethod was to determi~e the survival time of the test 
animal when it was introduced into a sample of a known concentration. 
The second method was to determine the percentage of dead animals 
when test aQimals were immersed in samples of various strength for one hour. 
When the first method is employed， itis n氏自saryto determine just when 
a test animal dies. This is by no means an easy task. The writer did not 
consider a test animal dead when it ceased to move. Observation w出 con-
tinued for several minutes and meantime a rather vigorous mechanical shock 
was repeatedly given to the test animal by striking or pushing the animal 
against the bottom of the glass vesse1. When there was no response to this 
stimulus the animal was considered dead. Errors of more than two or three 
minutes probably did not enter into the survival time by taking this precaution. 
A control experiment was not repeated for each experiment， since it was 
found that a test animal invariably lived for more than a week in distilled water 
without any sign of il effect. 
The experiment with the first kind and that with the second were always 
carried on side by side， since the chief pu中oseof the present study was to 
compare the two kinds of lime-sulphur in regard to their toxicities. 
* The formulaεadopted for the p陪p町ationof sarnples will be given when the陀sultsof each 
series of experiments a問 t回 ated.
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m. Experiments with the Goldfish. 
These experiments were conducted during 1921-I922 in the Zoological 
Laboratorγof the University of Ilinois. The water in the tank used for 
the experiment w回 keptat a const却 ttemperature of 20oC. The stock 
solution of sample was made according to the following formulae : 
Water 
Sulphur 
Lime (CaO) 
Lime-Sulphur 1 
5∞cι 
15 gr. 
15 
Lime-Sulphur I 
5∞c.c. 
15 gr. 
7.5 " 
The averages of the results of the experiments are shown in Table 1. 
Table 1. 
Survival Time and Veloci旬 ofFata.lity of 
色heGold:fl.sh in Lime'Sulphur. 
Lime.Sulphur 1 Lime.Sulphur Il 
Clncentration AveぬgeSurvival Average Velocity A四rageSurvival Average Velocity 
Volume % Time in Minutes 。，fFatality Time in Minutes of Fatality 
• 
( t ) (.!子) ( t ) (乎)
5 68.8 1.45 一
7・5 47.0 2.12 75.8 1.31 
9 41.2 2.42 j 匂.1 1.44 
10 34.8 2.87 60.6 1.65 
II 33.0 3.03 56.8 I.76 
12.5 30.0 3・33 45・4 2.20 
15 28.0 3.57 42.1 2・37
20 24・7 4.04 40 2.5 
30 22.2 4・50 36 2.77 
40 20.6 4.85 29 3・44
50 19・5 5.12 26.4 3・78
RunarRs:- 1) Lime.sulphur U decomposed rapidly in ∞urse of an experiment when used 
at a concentration of 5% or 1田，釦 thatthe survival time c岨 ldn円tbe determined 
for t hese concentratioDS. 
2) Detailed records of ex戸rimentswiIl be found in the appendix at the end 
of this paper. 
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IV. Discu舗 ionof the Results of the E玄periments
with the Gold畳sh.
i. ) Suroival百慨 ofthe Goldftsh and its we注1t.
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For a correct interpretation of the results of experiments， itis important 
first to consider if there is any relation between the survival time of the fish 
and the weight_ Powers stated that“small variations in the weight of the 
goldfish had veη， litle e能cton their survival time， though in general the 
smaller died行rst_"
ln the writer's experiments， the variations in the survival time which were 
presumably due to the differences in the physiological conditions in different 
individuals were fairly large， and it was impossible to find out a consistent 
relationship between the survival time and the weight of the fish. This is 
apparent from the graphs shown in Figure 1. ln these graphs the number on 
the abscissa represents the weight of a fish and the ordinate at each number 
represents the survival time of the corresponding fish. Lime-suJphur employed 
and its strenglh are shown on each graph. 
Fig. 1. 
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Considering the results of experiments it may be stated that the variations 
in the weight of the goldfish have litle in自uenceon the 5urvival time 50 far as 
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a fish does not .exceed the limits of the weight used in the writer's experiments. 
This agrees fairly well with Powers' statement mentioned above. 
i.) Tozicities 01加 oKinds of LiffU-Sulphur to Go!dfish. 
The experiment with lime-sulphur 1 and that with lime-sulphur I ~ere 
conducted side by side employing a goldfish of nearly equal size for both kinds 
of lime-sulphur. Therefore， itmay be assumed that the weight of goldfish has 
had practically no influence on the comp釘ativetoxicities of the two kinds of 
lime-sulphur. Figure 2 and 3 have been constructed from the data recorded 
in Table 1 to make the contrast of the toxicities of the two kinds of lime-
sulphur more distinct. 
Fig. 2. 
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1) 1問p陀sentslime-sulphur 1， and I lime剖 lphur1. 
2) Concentration of sample solution is shnwn on the abscisa. ln Fig. 2 the 
survival tirne is shown on the ordinate and iu Fig. 3 the ordinate repre民nts
I 10。、the velocity of fatality，ト';)-
Figure 2 shows the relation of the concentration of lirne-sulphur to the 
survival time of the goldfish. The curves are the “survivaI time curves" of 
Powers. The curves in Figure 3 repr白 entsthe relation of the concentration 
to the velocity of fatality. These are what Powers designated “vel∞ity of 
fatality curves." 
It is apparent from Figure 2 that the survival time curve of the goldfish 
has a fairly consistent relation to the concentration of the lime-sulphur solution. 
This relationship is especially definite in lime-sulphur 1 and the survival time 
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curve looks like an equilateral hyperbola which has two coordinate axes as 
asymptot白. However， this curve is not a true hyperbola as Powers has 
already pointed out. That the survival time curve is not a true hyperbola is 
evident from the fact that the reciprocal of the survival time curve shown in 
Figure 3， i. e.， the curve showing the velocity of fatality， isnot a straight line. 
Powers states that the survival time curve approaches an equilateral 
hyperbola within certain limits of concentration and that the portion of the 
velocity of fatality curve within these limits can be considered， for practical 
pu中oses，as a straight line. .This portion of the velocity of fatality curve has 
been designated by him as the “theoretical velocity of fatality curve." The 
concentration of the toxic substance represented by the point where the theo-
retical ve10city of fatality curve when prolonged cuts the abscissa has been 
designated as the“theoretical threshold of toxicity concentration." From this 
point of view， he has suggested that relative toxicities of substances be 
/ tan. f1 expressed by.the formula T =イニ竺ニ whenonly data which falJ within . a 
the portion of vel∞ity of fatality curve which approaches a straight line 
are used. 
In a previous pa戸r，c~) the writer reported the relative toxicities of ~he two 
kinds of lime-sulphur to goldfish. These relative toxicities were calculated 
according to the formula just cited above and their values were笛 folJows:
Lime-suJphur 1……………… 0.293 
Lime-sulphur I……………… 0.103 
τbese values were calculated from the data of the experiments with the 
goldfish which are reported in the present paper. The values which can be 
obtained according to Powers' formula does not represent either the absolute 
or the exact relative toxicities as Powers himself recognized.τberefore， the 
numerical values shown above can not be much relied upon for representing 
the exact comparative toxicities of the lime-sulphur mixtures. 
The survival time of the goldfish when immersed in the solution of lime-
sulphur decreases as the concentration of the solution increases. Therefore， it
is possible to compare different Iime-sulphur mixtures by taking the survival 
time as the basis of comparison. In other words， the reciprocal of the survival 
time， i. e.， the velocity of fatality， atany concentration can be considered as 
the index of the comparative toxicity of lime-suJphur of that concentration. 
Therefore， taking the velocity of fatality at each concentration of lime-sulphur 
I as unity， the comparative toxicities of lime-sulphur 1 have been caJculated 
from the data in Table I. The values obtained are as foIIows : 
Concentration 7・5% 10% 12.5% 15% 20% 30% 40% 50% 
Lime-Sulphur 1 1.6r 1.74 1.5 ( 1.50 I.61 1.62 1.41 1.35 
Lime-Sulphur I 1 1 1 1 1 1 1 1 
Thus， we see that lime-sulphur 1 isabout 1.4 to 1.7 times as toxic as 
lime-sulphur I if we compare these two kinds of the sarne dilution. The 
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comparative toxicities of the two slightly vaηr according to the concentration 
of the solution. 
mみ Effectof Lime-Sulpleur 0花 tleGoldfish. 
When a goldfish is introduced into the diluted limeャsulphur回 lutionit 
sinks to the bottom and stays there for a while. Then， itfloats up to the 
surface of the solution and takes in air and the solution into the mouth and 
forces it out， holding the upper half of the mouth out of the surface of the solu-
tion. A short time later the balance of the body is lost and the fish f10ats to 
the water surface on its side， the movement gradually becoming slo¥V and 
weak. From time to time a strong， spasmodic movement is repeated. At last 
the movement of the operculum ceases and also the mouth ceases to move. 
In a few minutes the fish ceases to respond even to a fairly strong mechanical 
shock such as blows with a glass-rod. When this stage comes， the fish 
usually does not revive even if it is taken out of the lime-sulphur solution and 
thrown into pure water. 
τne symptoms of poisoning usually proceed in the manner described 
above， but a slight modification may occur according to di白erentindividuals. 
The duration of each symptom varies according to the concentration of sample 
solution. A noteworthy phenomenon is that the goldfish bleeds from the 
opening ofthe gil when a strong lime-sulphur solution is employed. 
]udging from these observations， the fish seems， atfirst， tosuffer under 
the e佐ctof suffocation and at the same time the lim-esulphur solution attacks 
the soft tissues of the gill. However， it was impossible to determine definitely 
just what e佐ctor effects are the direct and determining factors whkh cause 
the death of the gold日sh.
V. Exp町imen旬 withDragon-Fly Nymphs. 
The nymph of Anax parthenope has been used as test animals in these 
experiments and the experiments were carried out in a constant tempera旬re
water tank heated and regulated by electricity. The method of experiment 
was as in the case of the goldfish. 
Expen'ment Sen'es i. 
In these experiments the stock solution w田 madeaccording to the 
following formulae : 
Water 
Sulphur 
Lime (CaO). 
Lime-Sulphur 1 
500 cふ
30 gr. 
30 " 
Lime-Sulphur 1 
500 cふ
30 gr. 
15 " 
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τne s戸cificgravity of 1ime-su1phur.I prepared according to the above 
fonnu1a was about 9・70 Baume on the average and that of Iime-sulphur 11 
about 9・40Baume. The temperature ofwater in the tank was kept at 270C. 
The averages of the resu1ts of the survivaI time experiments are shown 
in Tab1e 1. 
Table 1. 
Avera.ge Survival Time of也eNymph of A鈍axParlh側句均 (i). 
A. E，弓"，.，j抑制 inI9:15・
Lime-Sulphur 1 Li~lphur 11 
C∞飽ntration Average Survival Time Average Survival Time 
i且Minutes in Minut国
10% 99.2 153.5 
40" 76.8 144 
70" 76.6 143 
100 " 67.0 91.5 
B. E~'mmt.t i" I9:16. 
10% 191.9 226.8 
40" 106.0 205.0 
70" 83・9 165・9
100，. 83.8 151.0 
E埠げime叫 Sen'esi. 
百lefoIIowing formu1ae were emp10yed for the preparation of the st∞k 
solution: 
Lime-Su1phur 1 Lime-Su1phur 11 
Water 5∞cふ 5∞c.c.
Su1phur 60 gr. 60 gr. 
Lime (CaO) 60 " 30 " 
The specific gravity of the stock solution 1 was about 160 Baume and that 
of the stock soIution 11 a1so about 160 Baume. The tempera旬reof the water 
in the tank was 270C. 
百 eaverage survival times observed in these e勾erimentsare shown in 
Tab1e 111. 
Table 111. 
Average Survival由meof也，eNymph of必叫xPm・th側何時{益).
Lime・Sulphur1 Lime-Sulphur 11 
C∞centration A刊 r崎teSurvival Time A棺崎iEae釦円ivalTi官官
in Minutes Minutes 
10% 125 z∞.5 
40" 83 177・7
100" 80.2 83.8 
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The survival time curves obtained from the data of these three series of 
experiments are shown below in Figure 4， 5 and 6. Figure 4 represents the 
results of the experimental series i， A; Figure 5 the results ofthe experimental 
series i， B; and Figure 6 those of the experimental series i. 
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Expen'mental Sen'es ii. 
The toxicity of lime-sulphur was tested taking the survival time oI the 
nymph of Ana~ parthenopt as the basis of the comparison of the toxic effect in 
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al the experiments described above. Another method of comparing toxic 
effect is to determine the percentage of dead nymphs when a certain number of 
nymphs are immersed in the lime-sulphur solution for a certain period of time. 
The experimental series i were the experiments of this kind. The formulae 
for the preparation of the stock solution employed for these experiments were 
as follows: 
Water 
Sulphur 
Lime 
? ??
??
? ?
??
?
?
?
??
』
?? Lime-Sulphur 1 
5∞Cふ
30 gr. 
30 . 15 " 
The results of the experiments are shown in Table 1V. 
Table 1V. 
Average Per伺 nta.geof Nymphs Killed. 
Concentratioロ Lin官-Sulphur1 Lime-Sulphur II Remarks 
50% 8s 4 Duration of immersion 
60 minutes; tempera細胞
100 " 90 32 30・c
These results are shown graphically in Fig~re 7・
Fig. 7. 
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VI. Discussion of the Results obtained in the E玄perimen旬
with the Dragon-Fly Nymph. . 
i.) The Nym，件 ofAnax Pa;γthe制抑制 αTestAπimal. 
Nymphs of Anax parthenopt were captured from several ponds in the 
vicinity of Kurashiki and kept in the breeding water tank. 1n the expぽiments
with the dragon-fly nymph， the test animals we陀 notweighed. However. 
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individuals which were exceptionally smaller or larger than the average were 
not employed. Besides， precaution was taken to carザ ontwo experiments， 
the one with lime-sulphur 1 and the other with lime-sulphur I， atthe回me
time under the same condition. ln spite of this precaution， the nymphs show-
ed fairly large variations in the resistance to lime-sulphur. This variation did 
not seem to have been due to the difference in weights of individuals. Rather 
it seemed to have been due to di白erencein certain unknown physiological 
conditions in different individuals. To show the range of variation in the 
5urvival time， the maximum and the minimum values obtained in 1926 are 
shown in Table V. 
Table V. 
Va.ria色ionin也.eBurviva.l Time of the Dra.gon-Fly Nymph. 
Survival Time in Minutes 
Concentration Lime・Su!phur1 Lime.Sulpbur 11 
Minimum Maximum I A.er縄:e Minimum I Maximum I Ave噂
1∞% 53 108 83.8 68 291 151.0 
70" 67 131 83・9 93 260 165.9 
10.， 105 282 191.9 IJ2 
4“ 226.8 
As is seen in the above table， the maximum and the minimum survival 
time differ considerably from the average. However， the number of individuals 
which showed these extreme survival times was very small. A noteworthy 
fact in regard to the variation in survival time is that the range of variation is 
markedly wider when lime-sulphur I was used than when lime引 llphur1 was 
employed. 
Such being the circumstance， the nymph of Anaz partltenote can not be 
said to be a very suitable test animal for lime-sulphur if the nymph which is 
cap旬redfrom its natural habitat shortly before the experiment is employed for 
the experiment with lime-sulphur. However， the results of experiments could 
be fair1y depended on for the pu中oseof comparing two kinds of lime-sulphur， 
provided that individuals of as nearly equa1 size as possible are used for both 
lime-sulphur 1 and lime-sulphur I. 
u.) Toxicitits of Two Kinds of Lime・S吟hur10 tlu Ny時~ of Al制第
Pa，.t~tn()pe. 
The averages o(the results of the survival time experiments conducted in 
1925 and 1926 are shown in Table VI. 
Figu問 8is a graph which has been drawn using the data recorded in 
Table VI to show the contrast of the average survival times and the averag官
ve10cities of fatality of the two kinds of lime-sulphur. 
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Table VI. 
Average 8urvival Time of A鈍aaP，仰 .th側 ()'l)e
in Lime-8ulphur at 270C. 
Lime-Sulphur 1 Lime-Sulphur 1 
Concentration Survival Time 
in Minutes 
( t ) 
Vel∞ity of fatality 
(ヰ~)
Survival Time 
in Minutes 
( t ) 
Vel叫 ityof fatality 
(.!子)
10% 147.3 0.68 193.8 
92.7 1.07 177.2 
80.0 1.25 155・7
73.8 1.36 116.1 
Fig. 8. 
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It is at once evident from the results in Table Vl and also from Figure 8 
that the survival time of the dragon-fly nymph in lime-sulphur 1 is， atany con-
centration， markedly shorter than the survival time in lime-sulphur I of the 
随 meconcentration. ln other words， Iime-sulphur 1 ismore toxic than lime-
sulphur I if the r，民iprocalof the survival time， viz.， the velocity of fatality is 
taken as the criterion by which to determine the toxicity. 
The writer has calculated from the results shown in Table Vl the com-
parative toxicity of lime-sulphur 1 taking the velocity of fataIity of.lime-sulphur 
I as unity. The comparative toxicities thus obtained are as follows : 
Concentration 10% 40% 70% 1∞% 
Lime-Sulphur 1 1.32 1.91 1.94 1.57 
Lime-Sulphur I 1 1 1 1 
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1t is apparent from these figures that the comparative toxicities vary 
slightly as the concentration varies， and that lime-sulphur 1 isalmost 1.3 to 1・9
times as toxic as Jime-sulphur 11. 
N ow， we. shall consider the comparative toxicity from the result of another 
series of experiments. 1n Table 1V the results of the experiments in which 
n戸nphsof Ana:c partlunope were immersed in lime-sulphur for 60 minutes are 
recorded. These results show that lime-sulphur 1 ismarkedly more toxic than 
liole-suJphur I just as in the case of the survival time experiments， the results 
of which have been already discussed above. 
It is an interesting fact that the toxic e能ctof lime-sulphur 1 increased 
only slightly as the concentration increased from 50折 to1∞% in the experi-
ment in which the dragon-fly nymph was immersed in lime-sulphur solution for 
sixty minutes. (See Fig. 7.) 1n lime-sulphur I， the rate of increase of toxicity 
accompanying the increase of concentration was greater than in lime-sulphur 1. 
A similar phenomenon can be found also in the results of experiments which 
are shown graphically in Figures 6 and 8. 1n the experiments， the results of 
which are represented by Figure 6， a stock solution of almost twice the 
strength of the lime-sulphur used in the other experiments was employed. 
While the ratio of the relative toxicity of lime-sulphur 1 as represented by the 
velocity of fataliザ tothe relative toxicity of lime-sulphur I is about 2.1 : 1 at
a concentration of 40%， this ratio becorites 1.04:.1 at 1∞%.τnus， we see 
that the difference in the relative toxicities of two kinds of lime-sulphur is very 
slight when the stock solutions are compared in the case here described. 
This is an interesting fact because it suggests that lime-sulphur I would 
possibly contain a smaller amount of a eertain compound or compounds which 
are toxic to the nymph of Anax partlunope than lime-sulphur 1 would. 
ii.)ξ'fect 01 Lime・Sulpkuron tke JI.)tmpk of Ana:c Parthenope. 
When a nymph of Ana.r partkmope is introduced into the solution of 
lime-suJphur， ittakes water into the rectum and forces it out in rapid succes-
sion. The balance of body is lost usually a short time later and the nymph 
floats upside down to the water surface. The respiratory movement ceases 
temporarily， only to begin again at a much slower rate. From time to time 
the larva rapidly swims about. Then， the respiration becomes slower and 
slower until the nymph slightly moves only the abdominal processes at inter-
vals. At last this movement ceases altogether. A few minutes after this 
stage is reached， the larva shows no response even to a fairly strong mechani-
cal stimulus. The nymph is now considered dead. 
The Iime-sulphur solution which is taken into the rectum shows a slight 
turbidity when it is forced out. This shows that it has undergone a certain 
chernical change while it is in the rectum. The writer considers， from his 
experience in the study of the reducing action of lime-sulphur， that the lime-
sulphur solution in the recturn decomposes， atleast partly， into free sulphur 
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and calcium thiosulfate. 
The amount of the oxygen which is contained in a lime-sulphur solution 
must be very scarce owing to the reducing action of the lime-sulphur. When 
a nymph of Anar partlt.enope is introduced into such a solution， itwill suffer 
under the effect of suffocation. Moreover， the lim'e-sulphur solution which is 
taken into the rectum would probably absorb some oxygen from the tissues of 
the rectum judging from the fact that the lime-sulphur solution which comes 
out of the r配 tumshows a slight turbidity. Besides， other injurious actions， for 
example， the corrosive action， would possibly attack the tissues of the rectum. 
As has been already stated， it has been considered that both the reducing 
and the corrosive action of the lime-sulphur must exert an injurious e能cton 
the scaleinsects when lime-sulphur is sprayed on them. These two actions of 
lime-sulphur must a能ctmore strongly the nymph of Anax partlt.enψe in lime-
sulphur solution than the scaleinsect which is sprayed with lime-sulphur. It is 
considered to be due to this circumstance that the nymph of Ana.r partkenope 
is killed within a rather short period of time by the lime-sulphur， although 
lime-sulphur has been known to attack the scaleinsect slowly when it is em-
ployed as a spray-fluid. 
VII. Conclusions. 
When the goldfish is compared with the dragon-fly nymph in regard to 
the resistance to the toxic action of lime-sulphur， itis observed that the gold-
fish is much less resistant to lime-sulphur than the dragon-fly nymph. To cite 
one instance from the experiments in 1926， the survival time of the dragon-fly 
nymph in 10% solution of lime-sulphur was 5.6 (in lime-sulphur 11) to 7.7 
times (in lime-sulphur 1) as long as that of the goldfish.t 
There are probably many factors which make the nymph of Anar par-
tkenope more resistant to lime-sulphur than the goldfish. An important one of 
such factors must be the chitin membrane of the rectum of the dragon-fly 
<nymph. As is well-known， chitin is extremely resistant to reactions of various 
strong chemical reagent. Therefore， the chitin membrane which is lining the 
rectum wi1l protect， toa great extent， the inner tissues of the rectum from 
the e佐ctof the corrosive action of lime-sulphur. Since the delicate gi1l of the 
goldfish has no such prot民 tivecovering， it is not so. resistant to the corrosive 
action as the inner wall of the rectum of the dragon-fly nymph. Conseqllently， 
the gil bleeds when a strong solution is used. 
t Int he experi四国ntswith the goldfish， the st∞k solution of lime-sulphur employed w描円fonly 
half the con回目trati円，nof the円neemployed in the ex戸rimentswith the drag咽ーflynymph. Th~re­
fore， 20" of the former∞r田pondsto 10% of tbe latter. This must be borne in mind in reading 
tbis citation. 
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Thus， there is much di行erencein resistance to lime-sulphur between the 
goldfish and the dragon-fly n戸nph. However， this is probably due to the d任
ference in the degree of the effect of Iime-sulphur to these test animals， and not 
due to the difference in the nature of the e仔~t produced by Iime-sulphur. In 
other words， Iime-sulphur probably exerts simiIar effects， namely， the sufi∞a-
tion by reduction and corrosion， on the test animals. 
A simiIar statement can be made when we compare the effect of Iime-
sulphur which is employed for spraying the scaleinsect with the effect which is 
produced on the aquatic animals by the lime-sulphur solution. NameIy， the 
effect of the suffocation by reduction and of the corrosive action of the lime-
sulphur must be much greater in the c回ewhere the gold白shor the dragon-何y
nymph is introduced into lime-sulphur than in the case where the scaleinsect is 
sprayed with Iime-sulphur. However， the nature of the effect is simiIar in both 
cases， there being only a difference in the degree of the effect. Therefore， it
can be assumed that there is a correlation between the suffocating and the 
corrosive action of lime-sulphur， which are manifested on the goldfish or the 
dragon-fly nymph and those actions which are exerted on the scaleinsect by 
lime-sulphur. 
Both the result obtained with the gold白shand that with the dragon-fly 
nymph have clearly shown that Iime-sulphur 1 ismore toxic than Iime-sulphur 
I. This result agrees fairly weII with the result which the writer obtained in 
the experiment with the scaleinsect. The only difer官 lcebetween these two 
cases is that the difference in toxicity between the two kinds of Iime-sulphur 
has been more distinctly observed in the pre舘 ntexperiment than in the 
prevlous one. 
Before closing this discussion， the writer wishes to add a few remarks 
regarding the survival time curves which the writer has obtained in the present 
experiment. The survival time curve of the goldfish closely resembles an 
equiIateral hyperbola， but it is not a true hyperbola. AIso in the case of the 
dragon-fly nymph， the survh-al time curve for lime-sulphur 1 resembles an 
equiIateral hyperbola， asis apparent from Figure 8. However， we shaIl see at 
once， by examining the nature of the curve representing the veIocity of fataIity， 
that the survival time curve of the dragon-日ynymph is not a true hyperbola. 
τbe survival time curve of the dragon-fly nymph in lime-sulphur I is of a 
p配 uIiarshape. It is a litle doubtful whether the shape of this curve represents 
the true nature of lime-sulphur I. 
At any rate， itis certain that the survival time curve obtained by the 
writer is not a true equiIatera1 hyperbola. If we take only a smaII portion of 
the survival time curve co汀espondingto a certain range of concentration， the 
curve may be assumed to be an equilateral hyperbola as Powers states. How-
ever， the formula which was proposed by Powers to determine the comparative 
toxicity according to the nature of only a smaII portion of the velociザ curve
can not be considered appropriate on the lime-sulphur mixture when the nature 
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of the whole curve representing the velocity of fatality is carefully examined. 
The writer considers that it is necessaη， todetermine the comparative toxicity 
by comparing the survival times of the test animals at various concentrations of 
the two kinds of lime-sulphur. 
vm. R伺 ume.
1n two of his previous papers， the writer reported the results of studies on 
two kinds of lime-sulphur and stated that the first kind was slightly more 
effective in killing-the scaleinsect than the second kind，' and also that the both 
kinds showed practically no di仔erencein regard to the reducing power. 1n 
the present paper the results of experiments conducted with the goldfish and 
the nymphs of a sp民iesof dragon-fly， Anax parthenopeルlusBrauer， are 
reported. 
According to these experiments， the first kind of lime-sulphur is consider-
ably more toxic than the second one. 
The results of the experiments with these aquatic animals seem to show 
that the suffocation by reduction and the corrosive action are two of the im-
portant toxic actions of lime-sulphur. However， this statement does not 
necessarily imply that there is no other action producing a toxic effect. 
Both the suffocation by reduction and the corrosive action of lime-sulphur 
seem to have a similar effect on the scaleinsect and the aquatic animal. The 
difference between the effect of these two actions on the scaleinsect and that 
on the aquatic animal is the degree of effectiveness. 
The formula proposed by Powers to determine the comparative toxicity is 
not appropriate to the lime-sulphur mixture. It is necessary， inthe case of 
this spray fluid， todetermine the comparative toxicity by comparing the sur-
vivaI times of the test animals at various concentrations of the two kinds of 
lime-sulphur. 
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Appendi玄・
Table I. 
Res叫旬 ofExperiments wi也也eGoldfish. 
Temperat日間ofwater 19ダ-20.5..
Lime-Sulphur 1， (S: CaO ，.1: 1) LimeふIlphur11， (S: CaO，. 2: 1) 
Concentration 
。fSoSlaumtiopE le Weight of Survival Time Survival Time Sample No・ 白 ldfish， in Minutes Sample No. I Goldfish， in Minutes grms. grms. 
5% (4) 2.8 69 一 一
" " 2.1 7
0 一 一 一
" " 2.5 83 一 一 一
" (II) 2.1 
62 一 一
". " 2.55 64 
" " 1.5 60 一 一
" " 1.95 74 一 一 一
7・5% ( 3 ) 3・4 50 (3) 2.4 50 
" (4) 2.65 50 (4) 2.0 63 
" " 2.9 39 " 4・0 72 
" " 2・35 41 (6 ) 3.1 67 
" (6) 3・3 43 " 2.7 66 
" " 2.6 63 ( 7 ) 2・3 101 
" (7) 2.45 44 " 2.2 63 
" " 2.0 43 " 2.6 78 
" " 2.75 52 (8) 2.4 99 
" (8 ) 2.3 51 " 2.65 99 
" " 2.65 41 一 一
9% ( 5) 2.0 45 ( 5 ) 2.0 68 
" " 2.9 46 " 2.8 52 
" " 2.5 44 " 2.5 6g 
" ‘ (6) 2.4 46 (6) 2.2 68 
" (7) 2.8 3
1 ( 7 ) 2.75 77 
" " 2.25 37 " 2.2 59 . " 2・7 40 " 2.5 65 
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Lime-Sulphur J， (SI CaO = 1 : 1) Lime-Sulphur 11， (S: CaO = 2: 1) 。、ncentration
of Sample 
Sample N0.l1W品eilEdhtho，f Survival Time Weight of Survival Time 忌)lution in Minutes Sample No. Goldfish， in Minutes grms. grms. 
9% (8 ) 2.55 43 (8) 2.5 71 
" " 2.3 41 " 2.3 78 
" " 2.65 39 " 2.75 84 
10% ( 3) 4.2 36 ( 3) 4.6 46 
" " 2.4 31 " 2.2 40 
" " 2.6 30 " 2.4 46 
" (4) 2.2 26 (4) 2.0 43 
" " 3・4 34 " 3.8 58 
" ( 5) 2・35 36 ( 5) 2.5 62 
" " 2.5 40 " 2.6 6s 
" (6 ) 2.1 32 (6 ) 2.2 65 
" " 2.7 34 " 2.8 69 
" (7 ) 2.4 32 (7 ) 2.45 75 
" " 2.5 40 " 2.4 77 
" " 2.25 40 " 2.2 64 
" (8 ) 3.0 37 ( 8) 2.75 68 
" " 2.35 39 " 2.4 55 
" " 3.0 36 " 3.0 73 
II% (5 ) 2.6 27 ( 5) 2.4 53 
" " 2.5 31 " 2.8 58 
" " 2.8 43 " 2.2 54 
" " 2.2 38 (6) 3・4 70 
" (6 ) 3・4 28 (9) 2.7 41 
" (9) 2.9 34 (10) 2.1 65 
" (10) 2.1 30 一 一
12.5% (4) 2.7 28 (4) 2.65 58 
" " 2.2 27 " 3.2 58 
" (9) 3.1 35 " 2.7 37 
" " 1.9 25 " 2.6 44 
" " 2-4 31 (9) 2.9 43 
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Lime-Sulphur I， (S: Cao = 1:1) 再ime-Su1phur11， (S: CaO = 2: 1) 
Conωntration 
of Samtiopn le WGeoilgdhbt h nf Survival T-e 同 eNo.1混成r卜rvivalTime 出 1u Sample No. g'in Minutes g'in Minutes rms. rms. 
12.5% (10) 3.1 29 (9 ) 1.9 35 
. . 2.5 32 . 2.3 33 
. . 2.5 33 (10) 3.1 53 
" 一 一 一 . 2.5 48 
15% (3 ) 3.1 30 (3) 3.2 45 
. . 2.2 21 . 2.0 35 
!・? . 2.9 23 . 3.2 42 
" (9) 2.5 26 (9) 2.5 43 . . 2.1 38 . 2.2 35 
. (10) 3.0 26 (10) 2.8 47 
. (11) 1.3 32 (ロ) 1.4 48 
20% (ll) 2.6 25 (11) 3.4 45 
. . 2.5 24 . 2.1 30 
" . 4.2 25 . 4.0 43 . . 2.0 25 " 1.4 42 
30% (口) 3.7 29 (1I) 3.8 36 
. . 2.1 22 . 1.7 49 
. . 2.5 19 . 2.2 30 
. . 1.6 19 . 1.9 29 
40% (ll) 2.1 23 (1I ) 2.0 34 
. . 2.2 19 . 2.2 31 
. . " 2.2 21 . 2.2 26 
. . 2.2 17 . 2.2 25 
" . 2.7 23 . 2.7 29 . 
50% (11) 2.65 17 (1I) 2・4 30 
. . 2.45 22 . 1.85 27 
. . 2.1 20 . 1.8 28 
" " 2.0 19 . 2.0 22 . 一 一 一 " 2.6 25 
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Table 1. 
E玄perimentswl也也eNymph of A偽axPar仙仰O炉・
S町usi， A. (1925) Temp.27・c
Li官官ー Sulphur1 LilI陪・Sulphur11 
Concentration Survival Time Survival Time Sample No・ in Minutes Sample No・ in Minutes 
10% (14) 143 (14) JJ5 
64 133 
(IS) 125 (15) 131 
(16) 162 220 
61 (16) 142 
" (17) 65 (17) 
121 
" 95 120 
. 120 180 
(18) 65 (18) 220 
92 
40% (9) 70 (9) 240 
71 125 
(10) 103 (10) 207 
(12) 60 (12) 197 
" 57 
211 
(13) 53 (13) 108 
(14) 85 52 
(15) 98 (14) 52 
" s6 (15) 173 
(16) 85 75 
70% (9) 79 (9 ) 191 
(10) 101 (10) 93 
50 90 
(11) 110 (JJ) 138 
" 48 (口) 161 
(12) 75 168 
57 (14) 14S 
(Il) 66 95 
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Lime.Sulphur 1 I4me.Sulphur II 
白n田ntration Survival Time Sample No. in Minutes Sample No・ i且Minutes
70% (14) 73 (15) 170 
. " 52 " 135 
" . 90 (16) 168 
" (15) 102 " 157 
" " 85 一 一
" (16) 句 一
" " 93 一 一
1∞% (9) 56 (9) 59 
" " S7 " 147 
" (10) 6S (10) 100 
" " 50 " 120 
" " 73 " IJJ 
" (JJ) S2 (口) 56 
" " 62 " 98 
'・ (12) s6 (12) 102 
" (15) 77 (13) 70 
1・ (16) 94 (15) 72 
" " 61 (16) s6 
" (17) 71 " IJS 
" " 66 (17) 83 
" (18) 65 " 140 
" " 
62 
" 74 
" " 76 (18) 68 
" 一 " S5 
Series i， B. (1926) Temp.27・C.
10% (3) JJ3 (3) 142 
282 
4“ 
258 246 
218 219 
253 171 
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Lime-Sulphur 1 Un喧-Sulphur11 
Concentration Survival Time Survival Time Sample Nn. in Minut回 Sample No. inMinut苗
10% (3) 197 (3) 162 
" " 105 " 172 
" ( 5 ) 139 (5) 254 
" " 274 " 132 
" (8 ) 115 (8) 233 
" " 147 .， 298 
40% (3 ) I口4 (3) 150 
" " 171 " 159 
" " 62 " 141 
" ( 4) 100 (4) 311 
" " 110 " 13
1 
" " 卵 " 253 
" (5) • 101 . ( 5) 240 
" " 117 " 223 . " 105 " 92 
" (6 ) 113 (6 ) Z句
，、 " 128 " 296 
" " 72 " 255 
70% .(12) 81 (12) 260 
. " 78 " 250 . '・ 88 " 202 
" 陣 72 " 173 
" " 131 " 186 
" " 
101 
" 93 
" " 76 ." 154 
" " 7
8 " 112 . " 84 "・ 158 
" " 86 " 157 
" " 74 .， 
220 
" " 74 " 144 . " 67 " 138 
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Lime.Sulphur 1 Lime.Sulphur 11 
Concentration Survival Time Survival Time Sample No. in Minutes Sample No. in Minut白
70% 一 一 (12) 108 
" 一 " 134 
I∞% (4) 100 (4) lso 
" " 91 " 262 
" " 96 " ISS 
" " 57 " 291 
" (5) 108 ( 5 ) 105 
‘ 1>6 123 " . " 
" ( 6) 88 (6) 12S 
" " 53 h JJ8 
" " 83 " 93 
" (8) 83 (8 ) 134 
" " 77 " 68 
" 一 一 " 123 
S~S i. 
10% (10) 100 (10) 240 
189 240 
" (口) 120 (11) 216 
91 . 106 
40% (10) 99 (10) 156 
" " 69 . 124 
" (JJ) 85 (u) 16S 
. 79 " 263 
E∞% (10) s6 (10) IZ2 
" 60 . 92 . (JJ) 106 (JJ) 63 
. 60 " 68 
匂 74 
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S"，ies ii. 
Lime.Sulpbur 1 Lirne.Sulphur n 
J)Jration of 
Immersion 。市centration Number of Per Cent. Numkroflmnt 
T田 tAnimals KilIed Test Animals I Killed 
60 Minutes 50% 5 80 5 。
" " 5 60 5 
。
. . 5 100 5 。
11 " 5 100 5 20 
11 11 5 100 5 。
60 E∞% 5 100 5 40 
11 . 5 100 5 40 
.， . 5 100 5 。
. . 5 60 . 5 40 
" " 
10 90 10 40 
一
